range of activities that individuals believe they can employ to control events affecting them. Individuals are classed as either having a strong internal locus of control belief, meaning events that happen to them are considered mainly to be a result of their own life actions, or a strong external locus of control, attributing their life events to uncontrollable external factors, including chance or the actions of others. 6 Locus of control (LoC) has been linked to ways of interpreting and influencing a range of situations in life, such as job satisfaction and exam performance. 7 Health locus of control (HLoC) specifically supports an understanding of how a person's thinking influences their health, with studies noting that an individual's HLoC influences how they respond to events, including adopting healthy behaviours, seeking health advice and formulating health beliefs. 8 The HLoC scale developed by Wallston et al. 9 arose from Rotter's observations 5 that personality comprises an interaction between an individual and their environment, influenced by an expectation of gaining positive outcomes and avoiding negative outcomes. LoC describes the belief that the likelihood of a favourable outcome (or reward) depends on their own actions (the locus is internal), or events that are outwith their control (the locus is external). As Rotter suggests that behaviour is led by a desire for rewards, 5 those with an internal LoC are more likely to strive to achieve the reward. Rotter developed and tested a tool (the LoC scale) that measures LoC on an internal-external continuum with high validity and reliability. 9 This tool was adapted to fit other specific circumstances, including use within a health environment (the HLoC scale), 9 tested for validity (alpha = 0.72) within the new sphere, 9, 10 and found to have greater internal consistency reliability and construct validity than other similar tools. 11 Also almost 30 years after developing the tool Wallston reviewed the literature 12 and found that the scale (and its derivatives) validly assess LoC beliefs. HLoC continues to be a concept of interest to researchers understanding health behaviours and experience in a wide range of clinical settings. [13] [14] [15] [16] Internal locus has been associated with improved health outcomes, including increased health literacy, improved levels of healthy activity (weight loss, diet, smoking, etc.) and improved survival following surgery. 17 Specific correlations between internal HLoC and improved cardiac health have also been demonstrated both in the laboratory, as a lower induced cardiovascular stress response, 18 and in the clinical setting, with fewer adverse cardiac events for cardiac patients, 19 and greater improvements in lifestyle following myocardial infarction. 20 By contrast, Brown 21 demonstrated that patients who measure highly for 'chance' (high external HLoC) as a controlling factor in their lives were relatively more likely to perceive obstacles to undertaking healthy lifestyle changes during cardiac rehabilitation. Obstacles ranged from social (no one to attend classes with), physical (health was too poor to attend) and environmental (transport and financial barriers), suggesting a degree of passivity or hopelessness in managing their own care.
It has been thought that HLoC is a relatively stable component of an individual's psychology, [22] [23] [24] requiring time or persistent therapy to change, although in its early conception it was recognised that a 'life crisis' could cause significant changes in locus, 25 and hospitalisation could cause a temporary increase in 'powerful other' HLoC, 26 particularly in those who were unfamiliar with the hospital environment. The term 'powerful others' arose from the original work by Rotter 5 to acknowledge that external factors that affect outcomes could be either chance (or fate, or a supernatural being/God) or individuals who are regarded by the individual as having expertise, authority, or power, including doctors, teachers and other authority figures ('powerful others'). Generally, HLoC tends to become slightly more external as part of the ageing process; 23 however, the notion that major changes can occur in HLoC through interventions has not been widely described in the literature, with the 'chance' component appearing to be least consistent of all three factors within an individual's LoC. 10
Introduction to the study
In this paper we report on the follow-up of a group of patients undergoing elective CABG surgery over a period of seven years. The purpose of the initial study was to explore the wider determinants of outcome following cardiac surgery, and to explore patients' experiences of undergoing cardiac surgery. 27 The patients were assessed at three time points during a seven-year period with recording of mortality data for a further five years. Physiological, lifestyle and self-reported psychological factors (including HLoC and wellbeing) were recorded at three time points: pre-surgery, approximately one year after surgery, and seven years following surgery. Key results from initial follow-up at 16 months and seven years have been reported previously [28] [29] [30] and demonstrated initial health improvements, but with increased mortality and morbidity associated with persistent smoking in the longer term follow-up. 31 Within this paper we report on the findings of the investigation undertaken to answer the following research questions. 
Methods
Ethics approval was granted for a cohort study of patients awaiting CABG surgery, with data gathered at the time of recruitment, at approximately one year and seven years after surgery, and finally, follow-up of mortality for a further five years.
Patients awaiting CABG surgery in the west of Scotland were identified from the waiting list, and a purposive sample (n=215) was recruited over a six month period according to the inclusion criteria of a single elective CABG procedure planned within the following four weeks (approximately), and resident within a 50 mile radius of the hospital.
Following informed consent for inclusion in the study, data were collected at initial recruitment using a set of self-completion questionnaires, a clinical assessment record to document demographic details and clinical measurements, and a structured interview schedule. Data collected included demographic data (age, sex, socioeconomic grouping), clinical data (including cardiac history, range and severity of symptoms, data relating to surgery and postoperative recovery, comorbidities, drug history, and specific physical (height, weight, waist circumference) and physiological (serum lipids, blood pressure) markers, pre and postoperative lifestyle indicators (smoking, alcohol consumption and attendance at cardiac rehabilitation classes) and measures of psychological health and wellbeing (HLoC 32 and SF36 33 ). We include within this paper the results of the analysis of the participants' response to completing the two validated assessment tools, one measuring HLoC 32 and the other measuring health and wellbeing with the SF36 form. 33 Recurrence and degree of severity of angina and breathlessness were reported using a sevenpoint self-completed Likert type scale. 28, 29, 34, 35 Data were entered into the statistical package SPSS version 22, and descriptive statistics, t-tests (paired sample and independent sample, as appropriate), chi-square tests and Pearson correlation coefficient (two-tailed) tests were undertaken, and are reported within the results section.
Self-completed questionnaires
LoC was measured using the HLoC scale 32, 36 at each point in the study (HLoC-1, HLoC-2 and HLoC-3). The component parts of HLoC have been deconstructed and assembled into a scoring scale to measure an individual's degree of internal or external beliefs 32, 36 (Figure 4 ). The scale consists of 11 questions, each scored on a four point scale in which higher scores are associated with more externally focussed health beliefs and lower scores with more internally focussed health beliefs. There are five questions exploring 'internal' health beliefs and six questions exploring 'external' beliefs.
Results
Initially data were collected from 208 patients, and 128 of these patients were followed up seven years after surgery. The causes of this attrition are detailed in Table 1 .
Demographics
Demographics (age and deprivation category) of the study sample were collected together with similar data from larger population databases. The study sample comprised 170 men (79.1%) aged between 40 years and 80 years (mean age 58.2 years, SD 7.7 years) and 52.4% with DEPCAT scores between 5 and 7 inclusive ( Table 2 ). Deprivation was classified by Scottish DEPCAT scores, 37 ranging from 1 (least deprived) to 7 (most deprived).
The study sample had a greater number of men, and greater levels of deprivation than the general population of the health board area (51.2% men, 38 and 31.1% with DEPCAT scores of 5-7). 39 The sample was therefore dissimilar from the general population ( Table 2) , and that of the MONICA study (Multinational Monitoring of Trends and Determinants in Cardiovascular Disease; a large cardiac study drawn from the same population) sample ( Table 3 ) in terms of age and gender. These differences may be explained by the uneven distribution of CAD within the population, as the sample in this study comprised individuals with established CAD. High levels of socioeconomic deprivation are recognised as a contributing factor to increased morbidity and mortality from cardiovascular disease. 40 
Survival
Forty-four patients died, with 10 dying in the perioperative period (30-day mortality 4.65%). HLoC 
Health locus of control
With regard to scores, the mean HLoC score was similar to that of the large sample of individuals from different countries, assessed in the MONICA project 4 ( Table 3) . Across the period of study there were variations in HLoC that were statistically significant. Between the preoperative and postoperative periods ( Figure 1 ) sample mean HLoC increased by 0.87 (range −7 to 11, SD=3.91) (that is, locus became more 'external'), t(84)=2.06, P=0.043. However, for approximately two-thirds of the participants who attended cardiac rehabilitation ( Figure 2 ), HLoC became more 'internal', with a mean change of −1.42 (range −11 to 7, SD=3.57), t(57)=−3.03, P=0.004. It appears that the sample mean for HLoC after seven years (HLoC-3) reverts to a figure that is close to the preoperative value ( Figure 3 ) (mean change −0.88 (range −19 to 9, SD=4.26), t(89)=−1.97, P=0.052).
Data were not collected from each patient at all three time points -and comparisons between time points are given for paired data points. The correlation between preoperative (HLoC-1) and postoperative (HLoC-2) scores was statistically significant (r(85)=0.46, P<0.01) as was the correlation between HLoC-2 and HLoC-3 (r(58)=0.41, P<0.01). However, HLoC-1 and HLoC-3 were more weakly correlated (r(90)=0.21, P=0.051). A paired t-test on n=85 patients exhibited an increase (P=0.043) in the means of HLoC-1 (27.62) and HLoC-2 (28.49) indicating that individuals became more externally focussed. The mean of HLoC-3 (26.99) was lower than that of HLoC-2 (28.41) (P=0.004). The mean HLoC-1 score (27.71) was found to be higher (P=0.050) than the mean HLoC-3 score (26.83), suggesting that patients surviving to the 7-year follow-up had a statistically significantly lower (more internal) HLoC score than they had preoperatively.
Correlations between HLoC and symptoms
A relationship between HLoC and angina symptoms could not be demonstrated preoperatively (r=0.061; P=0.429 (n=172)) or postoperatively (one year) (r=0.118; P=0.248 (n=97)), but those who had angina pain at the seven-year follow-up showed greater external HLoC (r=0.234; P=0.016 (n=106)).
Conversely, while there was no relationship between preoperative breathlessness and HLoC-1 (r=0.052; P=0.496 (n=171)), those who continued to experience breathlessness after surgery showed statistically significantly greater external HLoC-2 (r=0.219; P=0.031 (n=97)). This relationship was not demonstrated in the seven-year HLoC-3 scores (r=0.107; P=0.276 (n=106)).
SF36 mental health scores were compared preoperatively (MH1), postoperatively (MH2) and at the sevenyear follow-up (MH3). The effect of surgery was to increase the average SF36 mental health score between pre-surgery (M=61.09, SD=18.62) and post-surgery (M=65.80, SD=18.64), and this difference was found to be statistically significant (t(168)=−2.87, P=0.005). 41 The relationship between increased mental health score from pre-surgery (M=62.14, SD=19.37) and the sevenyear follow-up (M=65.65, SD=25.94) persisted, but was not statistically significant (t(107)=−1. 35, P=0.178) . Correlations between HLoC and mental health preoperatively (MH1 vs. HLoC-1, P=0.08), postoperatively (MH2 vs. HLoC-2, P=0.11) and scores at the seven-year follow-up (MH3 vs. HLoC-3, P=0.30) were not statistically significant. There appeared to be no correlation between HLoC and the change in mental health score peri-operatively (r=0.120; P=0.144 (n=151)).
Correlations between HLoC and health improving activities
Alcohol consumption, tobacco smoking and attendance at cardiac rehabilitation classes were considered markers for health improving activities. Alcohol consumption in those who survived (mean=8.34 units per week, SD=13.1) was greater than in those who died (mean=5.43 units per week, SD=8.0), but this difference was not statistically significant, t(169)=0.20, P=0.051. Weekly alcohol consumption was grouped into three categorical variables; abstention (0 units/week), moderate alcohol consumption (⩽13 units/ week for women or ⩽20 units/week for men) and heavy alcohol use (⩾14 units/week for women or ⩾21 units/ week for men). There was no statistical difference in HLoC-1 (P=0.055) and HLoC-2 (P=0.759) among these three groups.
Self-reported smoking status was recorded pre and postoperatively. Of the smokers at the time of surgery who recorded subsequent smoking status, 31 continued to smoke and 11 quit smoking. However, 15 patients who reported they had quit smoking pre-or post-surgery reported smoking again at the seven-year follow-up. There was no statistically significant association with pre and postoperative HLoC among these groups. Attendance at cardiac rehabilitation as a measure of engagement with health promoting behaviours was considered in three groupings: attendance for 50% or more of classes, attendance, but for less than 50% of classes, and no attendance. Any attendance gave a statistically significant survival benefit with chi-square (1, N=182)=3.56, P=0.03. HLoC scores did not correlate with attendance at cardiac rehabilitation (HLoC-1 and attendance, t(151)=−1.05, P=0.30).
Discussion
This study aimed to investigate correlations of HLoC scores generated by patients before CABG, one year and seven years after CABG with survival, selected rehabilitation patterns and measures of wellbeing. In overview, the sample means for HLoC before and one year after CABG are significantly different. This difference showed a change towards a belief system that relied more on the influence of external factors on health, but after seven years patients' beliefs were shown to revert to a level that more closely resembled preoperative status, namely a more internally influenced health belief system. This trend was not statistically significant ( Figure 3 ) (mean change −0.88 (range −19 to 9, SD=4.26), t(89)=−1.97, P=0.052).
Linkage between HLoC and survival
Although internal HLoC has previously been shown to be related to better outcomes following major thoracic surgery 17, 42 and reduced morbidity in patients undergoing cardiac interventions, 43 we did not demonstrate a similar relationship.
Linkage between HLoC and cardiac symptoms
Approximately half of the patients continued to experience some degree of angina or breathlessness, although these symptoms were statistically significantly reduced by the time of the first follow-up visit. 28 Continued breathlessness was associated with changes towards external control in HLOC-2 (P=0.034) although this trend was not observed for angina. However, by seven years post-operation, angina persistence was positively correlated with greater external HLoC-3 (r=0.234, P=0.016). This could be explained by a worse than expected outcome following surgery leading to beliefs that health status was influenced by factors beyond the individual's power, while those who had symptomatic relief were more likely to have greater internal control beliefs. Desire for control in health care outcomes, both in terms of making decisions and being able to undertake health related activities, has previously been considered a stable factor in individuals who are not threatened with disastrous health challenges, 22 although Ai et al. 44 suggest that open-heart surgery is such an event, totally removing an individual's control, and providing additional conflict for those individuals whose HLoC is assessed as being internal. This can be understood in terms of the 'unknown', the uncertain change to a significant organ central to survival therefore removing to a great extent any previous 'terms of reference' or experiences that could be used to understand, explain and manage their health.
Linkage between HLoC and other symptoms
Although postoperative breathlessness was significantly positively correlated with external HLoC-2, no correlation was found between LoC and the reduction in breathlessness score or the reduction in angina score as outcomes of CABG. Mental health and physical function were identified as the elements of SF36 most likely to be related to LoC. At each time point no correlation was found between LoC and mental health, and the significant increase in patient mental health scores as an outcome of CABG could not be explained through their preoperative LoC score.
HLoC and cardiac rehabilitation
HLoC showed no association with attendance at cardiac rehabilitation. The British Heart Foundation, a leading UK charity working in the area of cardiac health, has highlighted the association between, and lack of care provision for, psychological wellbeing and cardiac wellbeing. 45 This may include exploration of misconceptions about the various influencing factors in 'keeping well' and in limiting coronary heart disease progression. One of the key interventions offered to patients with heart disease to ameliorate physiological and psychosocial risk factors is cardiac rehabilitation, which should be offered to all patients who have undergone CABG surgery. 46, 47 Reviews of cardiac rehabilitation studies have demonstrated short term beneficial effects on quality of life, physiological markers and adverse incidents such as myocardial infarction or death. [48] [49] [50] Longer term survival benefit has also been demonstrated. 51 However, there is also evidence that patients fail to continue with the rehabilitation measures once their initial recovery stage has passed, 31, 52, 53 and this may be due in part to psychological factors including HLoC, perceived instrumentality (an expectation that there will be a direct health benefit following on from an action that may differ from advice offered by the professionals), and self-efficacy (the belief that an individual has the skills necessary to carry through on lifestyle advice). 54 
Linkage between HLoC and alcohol consumption
Weekly alcohol consumption was classified into three categorical variables based on level of consumption (abstinence, light alcohol intake, heavy alcohol intake), and no category showed a significant statistical association with pre or postoperative HLoC. In addition, no relationship was shown between each category and survival, although the number of units reported to be consumed was not excessively high. This contrasts with previous research showing that patients undergoing CABG had an increased risk of all-cause mortality associated with higher levels of alcohol intake (>21 units), although these researchers did not measure HLoC status. 51 General population surveys also exhibit a similar relationship between the level of alcohol intake and survival, with a well recognised J-shaped survival curve. 51, 55 
Linkage between HLoC and smoking
Smoking status was grouped into three categorical variables (never smoked, ex-smoker, current smoker), and showed no statistical association with pre or postoperative HLoC, although several ex-smokers started smoking again in the years following CABG.
Stability of HLoC
By contrast with the published literature on the development of the HLoC scales and the perceived stability of this concept, this study found major changes in HLoC scores over the time points of assessment for patients who have undergone CABG (see Figures 1, 2 and 3 ). This instability in the HLoC scale has not previously been described. Traditionally, HLoC has been regarded as a stable psychological attribute that shows slow and small changes over time. 56 In this study HLoC shows two fluctuations in patients undergoing CABG. The first change, with an overall movement towards external HLoC, occurs between the pre and postoperative phase following surgery, recovery and rehabilitation. The second shift could be regarded as a counter-change back towards internal HLoC occurring during the longer term recovery period. Both of these changes showed statistical significance, and although the mean difference was small, individual variations were large. The changes noted in individual patients were masked by the overall stability of the sample mean, and it is possible that other studies have failed to identify these changes by aggregating data before analysis.
Preoperatively, individuals were shown to have higher internal HLoC scores (perhaps reflecting conviction in their decision to undergo surgery) and had a similar status at seven years post-surgery (responsibility for their wellbeing shifting again to their choice in engagement with health care professionals as time passes and symptoms recur). However, in the interim period (one year postoperative assessment) higher scores were reported, that is, more external HLoC (statistically significant from both earlier and later assessments), perhaps indicating that they attributed their wellbeing to the efforts of others, frequently the surgeon and rehabilitation team.
As with the use of many quantitative scales to measure a more subtle and elusive concept, the meaning to be taken from their responses can be difficult to interpret. However, HLoC appears to capture views or opinions that give some insight into the origins of individuals' belief systems. The measurement of HLoC in this study uses the validated instrument included as Figure 4 , and greater external HLoC has consistently been associated with poorer health outcomes. Conversely, lower scores, more internally controlled beliefs were associated with improved outcomes as measured by SF36 general health scores. pathway. Further study is needed to establish if patients who develop a more external HLoC also experience the health risks and negative health behaviours of those individuals who naturally hold this psychological profile.
Limitations of the study

Conclusions
Patients undergoing CABG surgery experience a change in their HLoC that can be dramatic, and is individually statistically significant. HLoC has previously been considered to be a stable characteristic, and these changes have not previously been described. Not only does CABG surgery represent a substantial physical and psychological upheaval, but greater external HLoC has also been found to be associated with both poorer outcomes and less adherence to health promoting behaviours. Cardiac rehabilitation programmes offer an individualised approach to secondary prevention but perhaps could be enhanced further through the inclusion of reflections on health belief systems and supporting strategies to ensure that they are credible, feasible and evidence based. Although there are differences between HLoC and self-efficacy, 57 there are also many similarities; both being based on an individual's perception of their own role in effecting health outcomes, and both correlating to changes in health outcomes. 58 Evidence for interventions that improve (or make more internal) HLoC is limited, but there have been more studies looking at improving self-efficacy through a range of techniques such as cognitive behavioural therapy. [58] [59] [60] Nursing and other health care staff should therefore be aware of the possibility of significant psychological upheaval following cardiac surgery, know how to identify it, understand the implications of this upheaval, and have appropriate referral routes and services available to ensure that psychological care is addressed as part of immediate postoperative and rehabilitative therapy. Understanding a patient's LoC will give a greater understanding of their individualised care needs, particularly in the areas of support (being aware of feelings of helplessness [61] [62] [63] and hopelessness 64, 65 in the face of significant health problems) and the most effective ways to tailor health promotion and rehabilitation. While we focused on patients undergoing cardiac surgery and cardiac rehabilitation in this study, there is also sufficient evidence from the literature 64, 66, 67 to suggest that LoC may be an important factor in patients' responses to poor health or surgery across a range of conditions. Further research should be undertaken to trial brief psychological interventions that can be delivered by nursing staff in the ward environment, as well as the implementation and evaluation of longer term approaches to change LoC to a more internal perspective, associated with improved health outcomes. Finally, it should be recognised that this level of nursing evaluation and care involves staffing resources, both in terms of numbers and experience -as in other areas 68 attempts to reduce either may well result in poorer outcomes for cardiac patients.
Clinical implications and knowledge transfer
The findings are useful in providing contemporary confirmation that the HLoC position has an impact on health outcome, re-inforcing and continuing to support decades of earlier work. In this study some participants changed to a HLoC stance that is associated with improved health outcomes while others did not. This occurred in the context of 'usual care'. It does not immediately follow from this that providing an as yet unknown intervention to change HLoC in a healthy direction can be achieved, nor that any changes will demonstrate correlations with improved outcomes. This means that further research should be undertaken prior to implementation of current findings fully into practice. Areas that could be investigated further include a better understanding of the underlying origins of beliefs and how strongly beliefs may be held, particularly noting misconceptions that may exist. We believe practitioners should be cognisant of these findings and test out their relevance value in their day-to-day practice. In addition, in the process of doing this they should be alert to the presence of other influencing factors not taken into account by the existing HLoC scale. Clinical guideline organisations and their subsequent research-based recommendations provide an important link between health providers, practitioners, patients, the general population and research. They have the communication infrastructure to disseminate emerging and new research findings and highlight areas where recommendations for practice remain tentative but important and need further research. Through these channels improved opportunities could be made available for practitioners to be aware of early findings and reflect on their value for improving practice in their own areas of patient care.
Implications for practice
• • Patients undergoing cardiac surgery undergo significant changes in underlying psychological profiles and belief systems at the time around surgery. • • Psychological wellbeing plays a role in the development and ongoing course of poor health, and so sufficient attention should be paid to this aspect in preoperative assessment and postoperative care. • • Within many fields an attempt to modify HLoC into a more healthy 'internal' locus has been undertaken with success, and this is an approach that may benefit cardiac patients.
